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Encl (1)
CALI BRATI ON STANDARD REQUI REMENT FOR AN
AUTOVATED PRESSURE CALI BRATI ON SYSTEM
1. SCOPE
1.1 Scope. This requirement defines the salient nechanical
electrical, and electronic characteristics for an Automted

Pressure Calibration System This equipnent is intended to be
used by Navy personnel in a shipboard nmachi nery room environnent
to generate and control pressure for the purpose of calibrating
pressure gauges, switches, transducers, transmtters and other
pressure neasuring devices within the required ranges. For the
purposes of this requirenent, the Automated Pressure Calibration
Systemshall be referred to as the APCS

1.2 APCS System The APCS shall be a portable m croprocessor-
based system consisting of no nore than four separate conponents.
These conponents consist of a pressure controller unit (PCU, a
hi gh pressure generation unit (HPGJ), a nitrogen supply assenbly
(NSA), and an accessory case (AC) containing the applicable
adapters, hose assenblies, fluid separator devices, etc. as
descri bed in paragraph 3.8.

2. APPLI CABLE DOCUMENTS

2.1 Controlling Specifications. M L-T-28800, "Mlitary
Speci fication, Test Equipment for use with Electrical and
El ectronic Equi pnment, General specification for," and all
docunents referenced therein of the issues in effect on the date
of this solicitation shall forma part of this requirement. In
addition, the follow ng specifications and standards form a part
of this requirenent:

SPECI FI CATI ONS

Feder a
BB-N-411C Ni trogen, Techni cal
Mlitary
M L- M 7298D Manual s, Technical : Conmmercial Equi pnent.
M L- F- 18866H Fittings, Hydraulic Tube, Flared 37
Degree and Fl arel ess, Steel.
M L- G 18997E Gage, Pressure, D al Indicating.
M L- P-24212C Pressure Transducer Equi pment

(Electrical).
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STANDARDS
Mlitary
M L-STD 167-1 Mechani cal Vi brations of Shipboard
Equi pnrent (Type | - Environnmental and
Type Il Internally Excited).
M L- STD-101B Col or Code for Pipelines and for
Conpressed Gas Cylinders.
2.1.2 O her Governnment Publications. The follow ng other

Governnment publications also apply to the extent required herein.
Departnent of Transportation (DOT)
3AL - Conpressed Gas Cylinders, Seam ess Al um num

3. REQUI REMENTS

3.1 GCeneral. The APCS shall conformto the Type |1, Cass 3,
Style D requirenents as specified in ML-T-28800 for Navy
shi pboard and shorebased use as nodified bel ow. The use of
material restricted for Navy use shall be governed by M L-T-28800.

3.1.1 Design and Construction. The APCS design and construction
shall neet the requirenents of ML-T-28800 for Type Il equi pnent.

3.1.1.1 Enclosure Handles. Three handles shall be provided on
each encl osure. One handle shall be |ocated on the enclosure
cover. The remaining two handl es shall be |ocated on opposite
sides of the | ongest dinension.

3.1.2 Power Requirenents. The APCS shall operate from a source
of 103.5V to 126.5V at 50 and 60 Hz +5% si ngl e- phase i nput power
as specified in M L-T-28800.

3.1.2.1 Fuses or Circuit Breakers. Fuses or circuit breakers
shall be provided. |If circuit breakers are used, both sides of
the power source shall be automatically disconnected from the
equi prent in the event of excessive current. |If fuses are used,
only the line side of the input power line, as defined by ML-C
28777, shall be fused. Fuses or circuit breakers shall be readily
accessi ble on the front panel.

3.1.2.2 Power Connection. The requirenments for power source
connections shall be in accordance with M L-T-28800. A power cord
wth a 6-foot (1.8 m mninmum/length shall be provided for the PCU
and HPGU.
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3.1.3 Dinensions and Weight. Al APCS encl osures shall be
capabl e of passing thru a circular hatch 23 inches (58.4 cmin
di aneter. Maxi nmum di nensions for the PCU HPGQJ, and AC shall not
exceed 18 inches (45.7 cm in width, 14 inches (35.6 cm in
hei ght, and 14 inches (35.6 cm in depth. Maximum di nensions for
the NSA shall not exceed 30 inches (76.2 cm in height and a
diameter of 8 inches (20.3 cn). The weight shall not exceed 35
pounds (15.9 kg) for the PCU, 45 pounds (20.5 kg) for the HPQAJ, 35
pounds (15.9 kg) for the AC, and 30 pounds (13.6 kg) for the NSA

3.2 Environnment al Requi renments. The APCS shall neet the
environnmental requirenents for a Type II, Class 3, Style D
equi pment with the deviations required bel ow

3.2.1 Transit Drop. The APCS shall neet the requirenents
specified in 3.7.5.2 of ML-T-28800E.

3.2.2 Tenperature and Hum dity. The APCS shall neet the
condi ti ons bel ow

Tenperature (°C) Relative Hunmidity (%
Qper ati ng 10 to 30 95
30 to 40 75
Non- oper at i ng -40 to 70 Not Controlled
3.2.3 Electromagnetic Conpatibility. The el ectromgnetic

conpatibility requirements of ML-T-28800 are limted to the
foll owi ng areas: CEOl1, CEO03, CS01, CS02, CS06, REO1l, REO2 (14 kHz
to 1 GHz), and RS0S.

3.3 Reliability. Type |1 reliability requirements are as
specified in M L-T-28800.

3.3.1 Calibration Interval. The APCS shall have an 85% or
greater probability of remaining within tolerances of all
requirenments at the end of a 12 nonth peri od.

3.4 Maintainability. The APCS shall nmeet the Type II
mai ntai nability requirenments as specified in ML-T-28800 except
the | owest discrete conponent shall be defined as a replaceable
assenbly. Certification tinme shall not exceed 3 hours.

3.5 Performance Requirenents. The APCS shall provide the m ni nrum
performance capabilities required bel ow. Unl ess ot herw se
indicated, all requirements shall be net followng a 30-mnute
war mup period which may include exercising the unit.

3.5.1 Engineering Units. The APCS shall have the capability to
generate, control, and display pressure in the follow ng units;
feet sea water, feet water, inches water, inches Hg, nmm Hg, psi

(gauge and absol ute), KPa, Kg-cmz.
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3.5.2 Pressure Ratings. Al internal pressure tubing and
fittings shall be of stainless steel construction with a rated
operating pressure of 10,000 psig, a proof pressure of 15,000
psig, and a m ni num burst pressure of 40,000 psig.

3.5.3 Range. The APCS shall have the capability to test and
calibrate pressure gauges, switches, transducers, transmtters and
ot her pressure neasuring devices in the range of 0 inches of
vacuum to 25 inches Hg of vacuum (mninmum and 0 psig to 10, 000
psi g.

3.5.4 Accuracy. The APCS shall not exceed the followng tota
uncertainty throughout its operating tenperature and humdity
range: 0.1 percent of indicated value (1V) throughout the
requi red operating range of 0 to 10,000 psig; +0.1 percent |V or
+0. 015 inches Hg, whichever is greater in the vacuumrange of 0 to
25 inches Hyg. The total uncertainty is defined as the sum of al
systemati c uncertainty and random uncertainty and includes all
effects of anmbient tenperature, hysterisis, linearity, non-
repeatability, etc.

3.5.5 Resolution. The APCS shall provide the foll ow ng m ni num
resol ution:

Range Resol ution
Bel ow 100 psig 0. 001 psig
100 - 1000 psig 0.01 psig
1000 - 10000 psig 0.1 psig

3.5.6 Settability. The APCS shall provide as a mninum the
settability given below. Settability is defined as the ability to
set the output pressure to an exact cardinal test point value
within a required tol erance wi thout overshooting.

Range Settability
Bel ow 100 psig +0. 005 psig
100 - 1000 psig +0. 05 psig

1000 - 10000 psig +0.5 psig

3.6 perating Requirenents. The APCS shall provide the follow ng
m ni mum operating capabilities.

3.6.1 Quick-disconnect Fittings. Unless otherw se specified, all
qui ck-di sconnect assenblies shall be designed for high pressure
applications. Chained captive dust caps (or plugs) shall also be
supplied. The fittings shall be of stainless steel construction,
with a rated operating pressure of 10,000 psig, a proof pressure
of 15,000 psig, and a m nimum burst pressure of 40,000 psig.
Qui ck-di sconnect fittings shall be designed such that they are
positive-1locking to prevent inadvertent uncoupling when in use.

5



CSS- 06-1100

3.6.2. Pressure Controller Unit (PCU). The PCU shall be
automatic in nature containing the necessary operating system
software to performcalibration routines, nonitor safety controls
and provide the proper interface drivers. The PCU shall contain
all required electronic and pneumatic controls to neasure and
control the pressure supplied to the test instrument (TI)
t hroughout the pressure range required in 3.5.3. The PCU shall be
designed for mniml operator effort and nust perform all
necessary cal cul ati ons and/ or conversions autonatically.

3.6.2.1 Front Panel Control Requirenents. Al'l nmodes and
functions shall be operable using front panel controls. The
| ocations and | abeling of indicators, controls, and sw tches shall
provide for maxinmum clarity and easily understood operation
w thout reference to tables, charts, or flow diagrans. The front
panel shall contain as a mnimumthe follow ng features:

(a) 40-character Al phanuneric display - mninmm of 5
digits and character height of 0.20 inches. Displays
operating instructions which pronpt the operator to
make entries or performspecific functions, self-test

results, test point pressures and limts, APCS
pressure, pass/fail indications, etc.
(b) Abort control - aborts operation and vents system

pressure when engaged.

(c) Dust cover panels - wused to protect connectors,
pressure ports, and switches not used during any
normal operation of the PCU.

(d) Enmergency vent - nechanically actuated control which
vents the system pressure to atnosphere.

(e) Fuse or circuit breaker.

(f) 1 EEE-488 Interface connector - standard interface
(IEEE STD 488-1975) wused for both automating the
calibration of the APCS and using the APCS to
cal i brate other programmabl e instrunentation

(g) I nput power connector.

(h) Keyboard - mninum of 16 keys including Step (ahead
and back), Clear, Enter and Measure keys, nuneric
characters and deci mal point.

(i) Power switch - on/off switch which provides visual
i ndi cati on when equi pment i s energi zed.
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Pressure control - variable rate control which can
el ectrically increase or decrease the pressure at
varying rates to provide course or fine pressure
adjustnents to the exact test point pressure within
the settability requirenents of 3.5.6.

Printer - provides a printed record on electrostatic
paper, of test results including the date, Tl serial
nunber, Tl range, Tl tolerance, APCS test reading, TI
test reading, deviation (in test units and percent),
and pass/fail indication.

Renot e connector - receptacle for connecting a hand-
hel d renote control term nal

Supply pressure port - port equipped with a high
pressure qui ck-di sconnect fitting used to connect the
PCU to either the nitrogen supply cylinder or the
HPGU

Test pressure port - port equipped with a high
pressure quick-disconnect fitting used to supply
pressure or vacuumfromthe PCU to the TI. The test

port qui ck-di sconnect fitting shall be designed such
that only the liquid trap can be attached to this
port.

Vacuum port - port equipped with a precision |ow
pressure qui ck-di sconnect fitting used to connect a
vacuum punp when calibrating vacuum or conmpound
gauges.

3.6.2.2 Capabilities. The PCU shall have the follow ng m nimm

capabilities:

(a)

(b)

(c)

(d)

(e)

ity to detect faults at the sub-assenbly |evel via
[t-in self-test.

| ow f or manual operator control of pressure points
th audi o feedback of pressure increase/decrease.

Al | ow operator to repeat the neasurenent sequence on
each calibration point and provide a full pressure
hol d function at any test point.

Al'l ow operator to easily and safely abort a test
wi t hout damage to the APCS or TI.

Automatically calculate test point tolerance |limts,
pressure unit equival ents and head corrections.



CSS- 06-1100

(f) Automatically establish, control and hold pressure at
preset test points. Test points for standard and non-
standard gauge ranges shall be selectable by the
oper at or .

(g) Display operator instructions including sequential
test instructions.

(h) Display the pressure deviation between the Tl and APCS
in percentage and in pressure units.

(i) Make in-tol erance and out-of-tolerance decisions by
conparing the Tl pressure reading to the APCS pressure
readi ng.

(j) Measure and display the pressure for each test point.

(k) Monitor system for unsafe conditions and activate
venting sequences.

() Print the conplete Tl test results.
(m Provide for tenporary data storage in nenory.

(n) Provide for storage of calibration conpensation data
in electronic nmenory for each installed pressure
sensor. This data shall be capable of being
reprogranmed or updated when necessary.

3.6.2.3 Pressure Ports (Supply, Test and Vacuum). The pressure
port assenblies shall be of the quick-disconnect type | ocated on
the front panel and aligned in the vertical plane. Adequat e
cl earance shall be allowed for easy installation and renoval of
pressure hoses and test fixtures. The ports shall be constructed
to prevent | eakage when used t hroughout the operating range of the
APCS.

3.6.2.4 Renote Control Mde. The APCS shall have the capability
to be controlled renmotely through a hand-held term nal. The
purpose of the termnal is to provide Tl calibrations renotely
once the front panel has been initialized. The termnal shall be
i ghtwei ght (maxi mum of 3 pounds) and capable of being held and
operated with one hand. The renote control shall contain as a
m ni mumthe follow ng features:

(a) Connector cable - electrical connector used to connect
the renote to the PCU having a mninmumlength of 10 ft
and detachabl e at both ends.

(b) Dsplay - LEDwith a mninumof 5 digits and character
hei ght of 0.20 inches.
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(c) Keyboard - Measure, Step and Abort keys.
(d) Pass/Fail indicator.

(e) Pressure control - variable rate control which can
el ectrically increase or decrease the PCU pressure at
varying rates to provide course or fine pressure
adjustnents to the exact test point pressure within
the settability requirenents of 3.5.6.

3.6.3 High Pressure GCeneration Unit (HPGQ). The HPGU shal |
contain all the necessary electronic, pneumatic and/or hydraulic
controls to boost gaseous dry nitrogen from the nitrogen supply
cylinder up to 10,000 psig with a volune of not |less than 5 cubic
i nches. The HPGU shall be capable of delivering the required
pressures to the PCU by accepting nitrogen bottle pressures of 500
to 2,200 psi (mnimum and consum ng a negligible anount of
nitrogen in the process. Any fluid Ievel checks and fills shal
be accessible through the front panel w thout renoving the HPGU
fromits encl osure. HPGU conponents which require the use of
fluids shall be adequately sealed in order to prevent |eakage
during shipnent. The use of fluids in the HPGU will require
absolute isolation to prevent contam nation of either the PCU of
the TI.

3.6.3.1 Front Panel Control Requirenents. Al'l nmodes and
functions shall be operable using front panel controls. The
| ocations and | abeling of indicators, controls, and switches shall
provide for maxinmum clarity, visibility and easily understood
operation wi thout reference to tables, charts, or flow diagrans.
The front panel shall contain as a mnimumthe follow ng features:

(a) Qutput pressure port - port equipped with a high
pressure quick-disconnect fitting used to supply
pressure fromthe HPGQU to the PCU.

(b) Qutput pressure indicator - pressure gauge having a
range of 0 to 10,000 psig and accuracy of 3 percent
or better and is used to provide a visual indication
of the actual pressure at the output port.

(c) Fuse or circuit breaker.
(d) I nput power connector.

(e) Power switch - on/off switch which provides visual
i ndi cati on when equi pnent i s energized.

(f) Pressure control - control valve which can be manual ly
adjusted to increase or decrease the pressure being
supplied to the HPGQJ out put port.
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(g) Pressure selection switch - manually operated
selection switch that can be set at increnments of
1,000 psig to limt the output pressure.

(h) Supply pressure port - port equipped with a high
pressure qui ck-di sconnect fitting used to connect the
HPQU to the nitrogen supply cylinder.

(i) Vent control - control valve which can be nmanually
adjusted to vent pressure from the output line to
at nosphere.

3.6.3.2 Pressure Ports (Qutput and Supply). The pressure port
assenblies shall be of the quick-disconnect type |ocated on the
front panel and aligned in the vertical plane. Adequate clearance
shall be allowed for easy installation and renoval of pressure
hoses.

3.6.3.3 Pressure Rate. The pressure control valves shall be
capable of responding to electrical drive signals in order to
boost a supply pressure of 2,000 psig up to 10,000 psig within 60
seconds when the PCU test port is plugged. Wth a supply pressure
of 1,000 psig the HPGU shall be capable of generating 10,000 psig
at the PCU test port within 180 seconds.

3.6.4 N trogen Supply Assenbly (NSA). The NSA shall consist of a
supply cylinder, a valve manifold assenbly and a val ve guard and
is to be used as a portable source for gaseous, high-purity
nitrogen as specified in BB-N-411C, type |, class 1, grade B

3.6.4.1 Nitrogen Supply Cylinder. The nitrogen supply cylinder
used shall be a seam ess alum num conpressed gas cylinder
manuf actured in accordance with DOT 3AL. The cylinder shall have a
m ni mum servi ce pressure of 2,200 psi and a mni num capacity of 57
standard cubic feet. The cylinder shall be color coded as
specified in ML-STD-101B. The nitrogen supply cylinders shall be
delivered with a residual nitrogen pressure of 20 to 25 psi.

3.6.4.2 Valve Manifold Assenbly. The val ve manifold assenbly
shall be nounted on the neck of the nitrogen supply cylinder
Assenmbly controls shall be accessible to the operator w thout
nodi fying the supply cylinder. The assenbly controls shall consi st
of the followi ng features as a m ni num

(a) Bleed valve - valve used to vent the supply hose
bef ore di sconnecting it fromthe nmanifold.

(b) Bottle pressure indicator - pressure gauge having a
maxi mum di aneter of 1 inch, a mninumrange of 0 to
2500 psig and an accuracy of +3 percent or better. The
gauge is used to provide a visual indication of the

10
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supply cylinder pressure. The pressure gauge dia
shall be visible to the operator

(c) Manifold outlet - port equipped with a quick-
di sconnect fitting and used for connecting the supply
hose.

(d) Rupture disc - prevents over-pressurization

(e) Shutoff valve - valve used to shutoff the supply
cyl i nder pressure.

3.6.4.3 Valve @Guard. The valve guard shall be nounted around the
neck of the supply cylinder to protect the valve assenbly from
damage and shall be designed such that it can be used as a grip to
carry the nitrogen supply cylinder. A tie-down strap with a
mnimum |l ength of 4 feet shall be installed on the valve guard. A
spring |l oaded thunmb latch shall be installed on the free end of
the strap to allow use as a tie-down for the nitrogen cylinder.

3.6.5 Pressure Limters. The APCS shall provide the capability
to automatically Iimt the maxi mum pressure which can be output to
110 percent of the full-scale range of the TI being calibrated.
The maxi rum Tl pressure range shall be sel ectable by the operator
Pressure |limters and/or relief valves shall also be used to
protect the APCS pressure sensors fromover- pressurization

3.6.6 Pressure Venting. The APCS shall automatically vent to
at nosphere and term nate the test operation with operator visual
and audi bl e notice whenever the applied pressure is greater than
or equal to 110 percent of the entered full scale range of the TI.
The system shall also automatically vent when the pressure is
increased at a rate greater than 15 percent per second of the
i ncrenental pressure change. Automatic venting shall be directed
away fromthe operator and PCU controls.

3.6.6.1 Emergency Venting. The APCS shall contain an
i ndependent, nmanual nmethod of venting the pressure in case
automatic venting fails. The enmergency venting control shall be
prom nently displayed on the PCU and shall be different in design
and size than the abort control thereby allow ng the operator to
easi |y distinguish between the two.

3.6.7 Nitrogen Consunption. The APCS shall be capable of
calibrating a large quantity of test gauges havi ng various ranges
wi t hout recharging the nitrogen supply cylinder. For exanple, a
properly designed system should be capable of calibrating a
m ni mum of 100 pressure gauges having a full scale range of 8000
psig with a fully charged supply cylinder and a m ni num of 450
gauges having a range of 1000 psig.

11
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3.6.8 Error Correction. The APCS shall provide the capability to
accept and store corrections for all neasurenent deviations from
nom nal conditions. The calibration constants shall be protected
in such a manner that to change them requires the operator to

enable a switch (not a key swtch). The switch shall be
accessible fromthe front control panel but |ocated such that it
cannot be accidentally enabl ed. The APCS shall be capabl e of

changi ng any calibration factor or other correction data stored in
menory of the APCS wi thout renmpval of any nenory circuits or
devices. The correction capability shall be operable from both
the front panel control and over the | EEE-488 bus. Wen the APCS
is normally operated during a 12 nonth period, it shall neet all
the specified performance requirenments w thout requiring the
additional entry of any calibration factor or other correction
data by the operator, including correction data entered by an
i nstrunment controller.

3.6.9 Self-Test. The self-test shall conprise of two sel ectable
| evel s, an operational test to determne if the instrunent is
operationally ready, and a second |evel diagnostic test to
di agnose and isolate faulty field replaceable nodules. Wen the
self-test function is initiated, an auto-sequenced internal
operation test shall be performed. The diagnostic test shall be
sel ectabl e only by deliberate operator conmand.

3.6.10 | EEE Interface. The APCS shall have an | EEE-488.1
interface connector with the follow ng m nimum capabilities: SHI,
AHl, T6, L4, SR1, RL1, DT1. Serial poll capability shall also be
provi ded.

3.6.11 Conpatibility. The APCS shall be tested and certified for
conpatibility with the |EEE-488 bus and the John Fluke nopdel
1722A AP i nstrunent controller.

3.6.11.1 Calibration Standard. The APCS shall be tested and
certified to be pneumatically and | EEE-488 bus conpatible with the
NAVY' s precision pressure standard, nodel 3689A by King Nutronics
Cor por ati on.

3.6.11.2 Instrument Calibration Procedures. The APCS shall be
conpatible with all NAVAIR 17-20(Series) Instrunment Calibration
Procedures in effect on the date of this solicitation which
requi re an autonmated portabl e pressure standard having an accuracy
of 0.1% IV or better for calibrating pressure gauges, transducers
and sw tches.

3.6.11.3 Pressure Gauges and Transducers. The APCS shall be
pneumatically and electrically conpatible with pressure gauges,
transducers and switches specified in ML-G 18997E and M L-P-
24212C that are within the range of the APCS.

12



CSS- 06-1100

3.6.11.4 Test and Mii ntenance Panel (TMP). The TMP is a portable
m croprocessor - based unit which can generate and control the PCU.
It is used for testing and troubl eshooting the PCU over the
internal mcroprocessor bus. The proposed APCS shall either be
fully conpatible with existing Navy TMP's or a TMP nust be
provided with each five APCS units as part of this solicitation.
The TMP shall have the followng mninmm capabilities and/or
f eat ures:

(a) Al phanuneric displ ay.
(b) Dsplay instructions, addresses, and executed data.
(c) Dsplay and nodify internal register data.

(d) Extender cable for input/output data to and fromthe
APCS.

(e) Input power shall be derived fromthe APCS.

(f) Qperation of the TMP shall not displace or overlay the
APCS' s resident operating system

(g) Provide detailed fault analysis of the APCS
m croprocessor, conmmon bus system |1/0O interfaces,
menory nodul es and all other APCS subsystens.

(h) Run/halt and single step operations including pause
and restart functions.

(i) Stand al one operation - panel shall not require the
use of external peripherals in order to operate, e.g.,
paper tape, card, mag tape readers, teletype, CRT
termnal, etc.

3.6.11.5 Material Conpatibility. Al APCS conponents, including
internal tubing and seals, that are in direct contact with the
pressure nedia shall be conpatible with nitrogen, air, fresh
water, sea water, lube oil, hydraulic oil and any required
cl eani ng sol vents.

3.6.12 Calibration.

3.6.12.1 APCS Calibration. The APCS shall have the capability to
be calibrated automatically or manually. A manual calibration
routine is used when the APCS is calibrated with a Dead Wi ght
Tester. The operator would be required to control pressure rates
and enter in the necessary data on the PCU front control panel.
Aut omatic calibrations shall be perfornmed over the |EEE-488 bus
using the NAVY's precision pressure standard, nodel 3689A by King
Nut roni cs Cor porati on. The APCS shall contain the necessary
drivers to control the npodel 3689A during the calibration. A

13
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sufficient nunber of test points shall be taken to verify whether
the APCS is operating within its accuracy requirenent.

3.6.12.2 Tl Calibration. The APCS shall have the capability to
perform Tl calibrations using nmanual or automatic test point entry
for standard pressure ranges. Both up-scale and down-scal e
testing shall be selectable. A typical 10 point automatic test on
a 10,000 psi gauge should require no nore than 15 mnutes to
calibrate.

3.6.13 Contam nation. The APCS shall have the capability of
calibrating both pneumatic and liquid-filled TI's without
contam nating the PCU or HPGJ. A liquid trap and pressure nedia
separator shall be used to isolate the liquid used in the Tl from
the gas used in the APCS. The performance capabilities of the
liquid trap and pressure nedia separator are required in 3.8.3
and 3.8.6, respectively.

3.7 Manual. At |least two copies of an operation and mai ntenance
manual shall be provided. The manual shall neet the requirenents
of M L-M 7298D.

3.7.1 Calibration Procedure. A calibration procedure in
accordance with M L-M 38793 shall be provided.

3.8 Accessories. The APCS accessories shall be located in an
accessory case (AC). The AC enclosure shall be of the sane design
as the PCU and HPGU and shall contain, as a mninmum the
accessories required in 3.8.1 through 3.8.1.2. Quick-di sconnect
assenblies shall be designed as required in 3.6.1

3.8.1 Adapter Kit Assenbly. The adapter kit shall consist of the
followi ng stainless steel adapters, each having a length not to
exceed 4 inches (6 inches for tube adapters):

1/8-27 NPT femal e to mal e qui ck-di sconnect

1/8-27 NPT nmale to mal e qui ck-di sconnect

1/4-18 NPT fermal e to nal e qui ck-di sconnect

1/4-18 NPT nmale to mal e qui ck-di sconnect

1/4 inch nmal e superpressure to nmal e qui ck-di sconnect
1/4 mal e tube to nmal e qui ck-di sconnect

1/2-20 NPT fermal e to nal e qui ck-di sconnect

1/2-20 NPT nmale to mal e qui ck-di sconnect

M L-1-18997 pressure fitting to mal e qui ck-di sconnect

14
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Tubing - 90 degrees; 1/4 female AN swi vel (Air Force/ Navy
Aeronauti cal Standard draw ng) on each end

Tubing - straight; 1/4 fermal e AN swi vel on each end

Tubing - 90 degrees; 1/4 female AN swivel to M5B (Mlitary
St andard draw ng)

Tubing - straight; 1/4 female AN swivel to MS

Chargi ng adapter; fenmale AN816-4 to fenal e qui ck di sconnect;
used to connect the supply cylinder to
anot her nitrogen supply via the supply
hose in order to recharge the cylinder

3.8.1.1 Adapter Design. The adapters shall be of stainless steel
construction, with a rated pressure of 10,000 psig, a proof
pressure of 15,000 psig, and a m ni mum burst pressure of 40,000
psi g. The adapters shall have hex flats to facilitate adapter
installation and renoval .

3.8.1.2 Adapter Packaging. The adapters shall be contained
wi thin a heavy-duty, durable reusable plastic box | abel ed "Adapter
Kit".

3.8.2 Ligquid Chargers. Two liquid chargers shall be provided.
The liquid charges are used to fill the reservoir in the pressure
nmedi a separator and the TI.

3.8.3 Liquid Trap. One liquid trap shall be provided. The
liquid trap is used to ensure that no contam nates or |iquids from
the Tl side of the test set-up enter into the PCU plunbing |ines.
The trap shall be designed such that it can be installed into the
test pressure port on the PCU and can be easily cleaned or purged
wi t hout disassenbly. The trap shall have the follow ng features
and requirenments as a m ni num

(a) Femal e quick-disconnect - fitting used to mate the
liquid trap to the Tl or pressure nmedi a separator

(b) Mal e quick-disconnect - fitting used to mate the
liquid trap to the PCU. This fitting shall be
desi gned such that it nust be connected to the PCU
test port before installing any other device.

(c) The liquid trap shall have a m nimum capacity of 1.0
cubi ¢ i nches.

(d) The liquid trap shall have an operating pressure of

10,000 psig, a proof pressure of 15,000 psig and a
m ni mum bur st pressure of 40,000 psig.
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3.8.4 Packing Repair Kit Assenbly. The packing kit assenbly
shall contain at |east one of all replaceable sub-assenbly
gaskets, rings, seals, seats, etc. which are required for a
conpl ete overhaul of the pneumatic system The replacenent parts
shoul d be grouped together for each subassenbly and individually
packaged and sealed air tight in a seal kit. They shall also be
identified by part nunber corresponding to the spare parts |ist
contained in the Operation and Mi ntenance manual. A seals kit
for each fluid separator shall also be provided. The seals kit
should contain a spare diaphragm if required by the pressure
medi a separator. OQther required accessories include but are not
limted too the foll ow ng:

(a) 2 oz. supply of seal |ubricant.

(b) Pressure nedi a separator support chain; m ni num of
3 ft length.

(c) Continuity tester conplete with alligator clip.
(d) Spare fuses, if required.
(e) Special devices or tools, as required.
3.8.4.1 Packing Kit Packaging. The packing kit shall be

contained within a heavy-duty, durable reusable plastic box
| abel ed "Packing Kit".

3.8.5 Pressure Hose Assenblies. M ninmum design and performance
requirements for pressure hoses shall be as required in 3.8.5.1
t hrough 3.8.5.3. The hose assenblies shall be designed such that
t hey can be di sassenbled for inspection and repairs. Hose quick-
di sconnect fittings shall be designed such that they are positive-
| ocking to prevent inadvertent uncoupling when in use. The
m ni num bend radius for all hoses shall be 2.5 inches.

3.8.5.1 High Pressure Hose Assenblies. Two 10 ft, flexible high
pressure hose assenblies w th quick-disconnect fittings shall be
supplied for connecting the PCU test pressure output port to the
TI. The high pressure hoses shall be of stainless steel
construction, with a rated operating pressure of 10,000 psig, a
proof pressure of 15,000 psig, and a m ni num burst pressure of
40, 000 psig.

3.8.5.2 HPAJ to PCU Connector Hose Assenbly. ©One 5 ft, flexible
hi gh pressure hose assenbly wi th quick-di sconnect fittings shall
be supplied for connecting the HPGQU di scharge pressure output port
to the PCU supply pressure port. The high pressure hose shall be
of stainless steel construction, with a rated operating pressure
of 10,000 psig, a proof pressure of 15,000 psig, and a m nimum
burst pressure of 40,000 psig.
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3.8.5.3 Supply Pressure Hose Assenbly. One 5 ft, flexible
supply pressure hose assenbly w th qui ck-di sconnect fittings shal
be supplied for connecting the nitrogen supply cylinder to the
HPGJ. The fittings shall be designed such that the hose cannot be
connected to the pressure outlet ports on the HPGUJ and PCU. The
supply pressure hose shall be of stainless steel construction,
Wth a rated operating pressure of 3,000 psig, a proof pressure of
4,500 psig, and a m ni mum burst pressure of 12,000 psig.

3.8.6 Pressure Media Separators. Two separators shall be
provided. The separator is used to isolate the liquid pressure
media (water or oil) used in the TI fromthe gas pressure nedia
(nitrogen) used in the PCU. The separator shall be clearly
identified for the type of nedia to be used and shall be desi gned
such that it can be nounted on a wall or bench or installed into a
liquid trap. All separator conponents shall be conpatible with
nitrogen, fresh water, sea water, |lube oil, hydraulic oil and any
requi red cleaning solvents. As a mnimm the separator shal
have the followi ng features and requirenents:

(a) Fill plug - plug used to allow easy filling of
separ at or .
(b) Femal e quick-di sconnect - fitting used to mate the

liquid side of the separator to the TI.

(c) Mal e quick-disconnect - fitting used to nmate the gas
side of the separator to a high pressure hose or
liquid trap.

(d) The separator shall have a mninmum capacity of 2.5
cubic inches on the fluid side.

(e) The separator shall have an operating pressure of
10,000 psig, a proof pressure of 15,000 psig and a
m ni mum bur st pressure of 40,000 psig.

(f) The separator shall have a maxi mum pressure | oss of

0. 01 psig.

(g) The separator shall be constructed in a manner that
ensures 100% separation of the |iquid/nitrogen
medi uns.

3.8.7 Storage Bottles. Two plastic storage bottles having a
m ni mum capacity of 1 quart shall be provided for storing the
fluids and/or solvents used with the pressure nedia separators.

4.0 QUALITY ASSURANCE PROVI SI ONS
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4.1 Ceneral. The APCS shall be tested in accordance with the bid
sanple tests specified in ML-T-28800 for Type Il, Cass 3, Style
D equi pnent. The bid sanple tests shall include those tests
specified in ML-T-28000 except where nodified below as well as
the tests required in the foll ow ng paragraphs.

4.1.1 Operation Test. The operation test shall consist of a

pressure vent test and an accuracy test as required in 4.2.3.1 and
4.3.1.6, respectively.

4.2 Goup A Tests. Group A tests shall include the tests
specified in ML-T-28800 as nodified bel ow.

4.2.1 Preoperational Inspection. The preoperational inspection
shall be in accordance with ML-T-28800 and shall include a
verification of the condition and acceptability of the accessories
required in 3.8.

4.2.2 Proof Pressure. Pressure hose assenblies and test
i nstrunent adapters shall be subjected to a proof pressure test
equal to 150% of nmaxi mum operating pressure for a period of 1
hour, m ni mum There shall be no sign of visual defects or
| eakage throughout the rest of the bid sanples tests.

4.2.3 Level A Perfornance.

4.2.3.1 Pressure Venting. The APCS shall be subjected to the
pressure vent tests as required in 4.2.3.1.1 through 4.2.3.1.3.

4.2.3.1.1 Overpressure. Connect a pressure gauge to the test
port on the PCU. Select the full scale TI pressure range on the
PCU. Set the APCS at the selected full scale pressure. |Increase
the pressure until the APCS vents. Verify that the system vents
at a pressure no greater than 110% of the full scale range
selected. Performthe sanme test at 3 nore pressure test points.

4.2.3.1.2 Excessive Rate. Connect a pressure gauge to the test
port on the PCU. Begin increasing the pressure such that the rate
of rise is greater than 15 percent/second of the increnental
change. For exanple, if the test point is 100 psi increase the
pressure at a rate greater than 15 psi/second. Verify that the
system vents. Perform the sane test at 3 nobre pressure points
t hr oughout the range of the APCS.

4.2.3.1.3 Energency Vent. Connect a pressure gauge to the test
port on the PCU.  Select a pressure test point and increase the
pressure. As the pressure passes through the pressure point
sel ected, enable the nmanual energency vent control. Verify that
the system vents immediately. Perform the sane test at 3 nore
pressure points throughout the range of the APCS.
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4.2.3.2 Abort. Connect a pressure gauge to the test port on the
PCU. Sel ect a pressure test point and increase the pressure.
Before the pressure reaches the first test point, depress the
abort control. Verify that the systemimediately vents to zero
and the test sequence returns to the first step. Performthe sane
test at 3 nore pressure points throughout the range of the APCS

4.3 Goup B Tests. Group B tests shall include the tests
specified in ML-T-28800 as nodified bel ow

4.3.1 Level B Performance. The bid sanples shall be tested for
conformance to the performance requirenments required in 3.5. The
tests shall include those required in 4.3.1.1 through 4.3.1.6
bel ow.

4.3.1.1 Pressure Range. Verify that the APCS can generate,
measure, and display pressure over the mninmum pressure ranges
required in 3.5. 3.

4.3.1.2 Engineering Units. GCenerate a pressure of 50 psig at the
test port of the PCU. Verify that the APCS can display the
pressure in the correct units for feet sea water, feet water

i nches water, inches Hg, mmHg, psi (gauge and absol ute), and KPa.
Perform the sane test at pressures of 500, 5000, and 10000 psig.
Connect a vacuum punp to the PCU vacuum port and generate a vacuum
pressure of 15 in Hg absolute. Verify that the APCS displays the
correct conversion factors. To verify psia equivalents nmeasure
the barometric pressure with a calibrated standard having an
accuracy of +0.003 in Hg or better. The conversion factors used
for this test are as foll ows:

1 psi = 2.245677 ft sea water
2.3108010 ft water
27.729612 in water
2.0360235 in Hy
51. 714928 mm Hg

0. 0703069 kg/ cn?
6. 8947567 KPa

4.3.1.3 Pressure Head Correction. GCenerate a pressure of 10 psig
at the test port of the PCU  Sinulate positive and negative head
pressures of 10 inches and 60 inches using the follow ng fluids:
| ube oil, hydraulic oil, fresh water, sea water. Verify that the
APCS correctly calculates the head correction and displays the
corrected pressure at the PCU test port. The conversion factors
used for this test are as foll ows:

i nch sea wat er
inch fresh water

i nch | ube oil

inch hydraulic oil

0.0371083 psi
0. 0360625 psi
0. 0315368 psi
0. 0313023 psi

PR R
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4.3.1.4 Resolution. Verify that the APCS can generate, neasure,
and display pressure within the mninum resolution required in
3.5.5. Select 3 test points throughout each pressure range
required in 3.5.3 and/or each pressure sensor range. Plug the PCU
test port before performng this test.

4.3.1.5 Settability. Verify that the APCS can generate, neasure,
and display pressure within the mninmum settability required in
3.5.6. Select 3 test points throughout each pressure range
required in 3.5.3 and/or each pressure sensor range. Plug the PCU
test port before performng this test.

4.3.1.6 Accuracy. Connect a high accuracy pressure standard
having a m ni mum accuracy of 0.025% IV to the PCU test port.
Generate several pressure points (mninmumof 10 points per range
and/ or pressure sensor) throughout the ranges required in 3.5.3 on
the APCS and verify that the pressure readings are within the
accuracy required in 3.5.4. Measurenents are to be nmade upscal e
and downscal e.

4.3.2 Automatic Hold. Verify that the APCS provides the
capability to automatically hold test point pressures.

4.3.3 Automatic Test Point Selection. Verify that the APCS
provi des the capability to provide automatic test points.

4.3.4 Pressure Rate. Verify that the APCS neets the pressure
rate requirements required in 3.6.3. 3.

4.3.5 Nitrogen Consunption. Verify that the APCS neets the
nitrogen consunption requirenents required in 3.6.7.

4.3.6 Error Correction. Verify that the APCS neets the error
correction requirenents required in 3.6.8.

4.3.7 Self-Test. Verify that the APCS neets the self-test
requirenments required in 3.6.9.

4.3.8 Compatibility. Verify that the APCS neets the
conpatibility requirenents required in 3.6.11

4.3.9 Calibration. Verify that the APCS neets the calibration
requirenments required in 3.6.12.

4.3.10 Cont ami nati on. Verify that the APCS nmeets the
contam nation requirenents required in 3.6.13.

4.4 Goup C Tests. Group C tests shall include the tests
specified in ML-T-28800 as nodified in 4.4.1 through 4.4.5 bel ow
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4.4.1 Tenperature and Humidity (T/H). Performa T/H test in
accordance with ML-T-28800 for Cass 3 equi pnent as nodified by
the operating and non-operating conditions required in 3.2.2 of
this requirenent. Verify that the APCS neets the performnce
requirenments of the T/H testing.

4.4.2 Transit Drop. Performa transit drop test in accordance
with ML-T-28800 for Type I1I, Style C equipnment using a drop
height of 6 inches. Verify that the APCS neets the performance
requirements of the operation test after being subjected to the
transit drops.

4.4.3 Water Resistance. Performa drip-proof test in accordance
with ML-T-28800 for Type Il, Style C equipnment. Verify that the
APCS neets the performance requirenents of the operation test
after being subjected to the drip-proof test.

4.4.4 Electrical Power. Performthe electrical power tests in
accordance with ML-T-28800 for Type Ill equipnment. Verify that
the APCS neets the performance requirenents required.

4.4.5 Goup C Verification. Perform the Group C verification
tests in accordance with ML-T-28800. G oup Cverification tests
shall include Level A and Level B perfornmance tests required in
4.2.3 and 4.3.1, respectively.

4.5 Goup D Tests. Goup D tests shall include the tests
specified in ML-T-28800 as nodi fied bel ow.

4.5.1 EM. PerformEM tests in accordance with M L-T-28800 for
Type 111, Class 3 equipnent as nodified by the conpatibility
requi renments of 3.2.3.

4.5.2 Goup D Verification. Perform the Group D verification
tests in accordance with ML-T-28800. G oup D verification tests
shall include Level A and Level B performance tests required in
4.2.3 and 4.3.1, respectively.

4.6 Goup E Tests. Group E tests shall include the tests
specified in ML-T-28800 as nodi fied bel ow.

4.6.1 Maintainability. Docunentation shall be submtted with the

bi d sanples to show how the nmaintainability characteristics of the
APCS conply with ML-T-28800. Verify that the APCS conforms to
the maintainability requirements of M L-T-28800.

4.6.2 Marking and ldentification. Verify that the APCS and all
conmponent parts conform to the marking and identification
requi rements of M L-T-28800.

4.7. G oup F Tests. Goup F tests shall include the tests
specified in ML-T-28800 as nodi fied bel ow.
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4.7.1 Reliability. Docunentation shall be submtted with the bid
sanples to show how the reliability characteristics of the APCS

conply with M L-T-28800. Verify that the APCS confornms to the
reliability requirenments of M L-T-28800.
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